We consider the phenomenology of GMSB models where the lighter stau is the next to lightest supersymmetric particle. In this situation, the dominant signals for supersymmetry are events with two or three high p T τ leptons accompanied by large missing transverse energy. We find that the inclusive two τ -jets signature could be observable at the Tevatron's Run II, while the inclusive three τ -jets signature could be important at Run III.
I. INTRODUCTION
The phenomenology of gauge mediated supersymmetry breaking (GMSB) models have been the subject of much interest lately [1] [2] [3] . They provide an alternative to the usually considered case of the soft terms involving the low energy fields induced by gravity. In GMSB models the supersymmetry (SUSY) breaking is communicated to the visible sector by gauge fields. The scale at which this occurs is usually taken to be around 10 5 GeV. The sparticle spectrum in GMSB models has some significant differences from the usual gravity mediated SUSY breaking models. In GMSB models, the gravitino is the lightest supersymmetric particle (LSP). The next to lightest supersymmetric particle (NLSP) is typically the lightest neutralino or the lighter stau. Most phenomenological studies and experimental searches that have been performed in the context of GMSB have taken the lightest neutralino to be the NLSP. The lightest neutralino then decays by χ 0 1 → γG. If this decay takes place within the detector, the signal involves high p T photons accompanied by large E T / [4] . For much of the parameter space, however, the lighter of the two scalar staus is the NLSP. In this case, the decays of SUSY particles produce theτ 1 which subsequently decays to a τ and the gravitino. If theτ 1 decays occur within the detector, signatures for SUSY production will then generally include τ leptons from theτ 1 decays and E T / due to the stable gravitinos and neutrinos leaving the detector.
It was proposed that GMSB models where theτ 1 is the NLSP can lead to unusual and distinguishing signatures for SUSY production at colliders [5] . At the Tevatron, these signals arise from chargino pair production (χ − 1 where l = e, µ, or τ ) can also be significant. The subsequent decays typically involve high p T τ leptons and substantial E T / . In this paper we analyze the signals for such SUSY production at the Tevatron. In particular we consider the parameters for the n = 2 stau NLSP model line of the Gauge Mediation/Low Scale SUSY Breaking working group of the Physics at Run II Supersymmetry/Higgs workshop.
II. MASS SPECTRUM AND PRODUCTION MECHANISMS
Since the observed signal depends on the masses of the sparticles, we first begin by describing the model and the corresponding mass spectrum. In our model, the messenger sector consists of some number of multiplets that are5 + 5 representations of SU (5) . They couple to a chiral superfield S in the hidden sector whose scalar component has a vacuum expectation value (VEV) s and whose auxiliary component has a VEV F s . By imposing the requirement that the electroweak (EW) symmetry is broken radiatively, the particle spectrum and the mixing angles depend on five parameters: M, Λ, n, tan β and the sign of µ. M is the messenger scale. Λ is equal to F s / s and is related to the SUSY breaking scale. The parameter n is dictated by the choice of the vector-like messenger sector and can take the values 1, 2, 3, or 4 to satisfy the perturbative unification constraint. The definition of tan β is taken as tan β ≡ v 2 /v 1 where v 2 is the VEV for the up-type (H u ) Higgs doublet and v 1 is the VEV for the down-type (H d ) Higgs doublet. The parameter µ is the coefficient in the bilinear term, µH u H d , in the superpotential. Constraints coming from b → sγ strongly favor negative values for µ in our convention [6] and, in the cases considered in this work, µ is taken to be negative. Demanding that the EW symmetry be broken radiatively fixes the magnitude of µ and the parameter B (from the BµH u H d term in the scalar potential) in terms of the other parameters of the theory.
The soft SUSY breaking gaugino and scalar masses at the messenger scale are given by [1, 7] 
andm
where the α i are the three SM gauge couplings and k i = 1, 1 and 3/5 for SU (3) , SU (2) , and U(1), respectively. The C i are zero for gauge singlets and are 4/3, 3/4 and (Y /2) 2 for the fundamental representations of SU (3), SU (2) and U (1) , respectively (with Y given by Q = I 3 + Y /2). g(x) and f (x) are messenger scale threshold functions. We calculate the sparticle masses at the scale M using Eqs. (1) and (2) and run these to the electroweak scale using the appropriate renormalization group equations [8] .
The decay chains and hence the signatures for the events depend on the particles initially produced as well as the hierarchy of the masses. Since SUSY breaking is communicated to the visible sector by gauge interactions, the mass differences between the superparticles depend on the their gauge interactions. This creates a hierarchy in mass between electroweak and strongly interacting sparticles. Eq. (1) shows that the gluino is more massive than the EW charginos and neutralinos, while Eq. (2) shows that squarks are considerably more massive than sleptons. Given this hierarchy of sparticle masses and the current lower bounds on squark and gluino masses, the production of strongly interacting sparticles is probably not a viable search modes for SUSY at the Tevatron Run II. A more likely mechanism for producing SUSY particles is via EW gaugino production. At the Tevatron, chargino pair (χ + 1 χ − 1 ) production takes place through s-channel Z and γ exchange and χ 0 2 χ ± 1 production is through s-channel W exchange. Squark exchange via the t-channel also contributes to both processes, but the contributions are expected to be negligible since the squark masses are large in GMSB models. The production of χ 0 1 χ ± 1 is suppressed due to the smallness of the coupling involved. In regions of the parameter space where the production of charginos and neutralinos is kinematically suppressed, the pair production of sleptons (τ 1τ1 ,μ 1μ 1 and e 1ẽ1 ) can be important. Their production occurs through s-channel Z and γ exchange.
Given the hierarchy of sparticle masses in GMSB models, there are roughly four possible cases to consider for SUSY production at the Tevatron:
The three sneutrino masses are nearly the same. The lighter of the selectrons and smuons are essentially right handed and have the same mass. Also, for all the parameter points we considered, χ ± 1 and χ 0 2 are nearly degenerate in mass. The possible final state configurations at the Tevatron depend on the sparticle spectrum, but they will have certain aspects in common. Since theτ 1 is the NLSP, the various possible decay modes will (usually) produce at least two τ leptons arising from the decays of theτ 1 's. In addition, there can also be large E T / due to the stable gravitinos and neutrinos escaping detection.
A special situation in cases 2 and 4 arises when the lighter selectron and the lighter smuon are nearly degenerate in mass to the lighter stau. When the mass difference between the slectron and the stau is less than twice the mass of the τ , essentially the only decay mode for the selectron isẽ → eG. The lighter smuon likewise decays viaμ → µG. This situation is refered to as the "co-NLSP" case [9] .
III. ANALYSIS AND RESULTS
We now give a detailed analysis of the possible Tevatron signatures for SUSY production in the context of GMSB models where the lighter stau is the NLSP and decays promptly within the detector. This analysis is performed in the context of the Main Injector (MI) and TeV33 upgrades of the Tevatron collider. The center of mass energy is taken to be √ s = 2 TeV and the integrated luminosity is taken to be 2 fb −1 for the MI upgrade and 30 fb −1 for the TeV33 upgrade [10] . In performing this analysis, the cuts employed are that final state charged leptons must have p T > 10 GeV and a pseudorapidity, η ≡ − ln(tan θ 2 ) where θ is the polar angle with respect to the proton beam direction, of magnitude less than 1. Jets must have E T > 10 GeV and |η| < 2. In addition, hadronic final states within a cone size of ∆R ≡ (∆φ) 2 + (∆η) 2 = 0.4 are merged to a single jet. Leptons within this cone radius of a jet are discounted. For a τ -jet to be counted as such, it must have |η| < 1. The most energetic τ jet is required to have E T > 20 GeV. In addition, a missing transverse energy cut of E T / > 30 GeV is imposed. We consider each mass case in turn. In our analysis, we restrict ourselves to those regions of the parameter space where theτ 1 decays promptly to a τ and a gravitino. The parameter space is also restricted to those regions where mτ 1 ∼ > 70 GeV. Results from LEP-2 set a lower bound of mτ 1 ≥ 72 GeV [12] .
IV. STAU NLSP LINE WITH N = 2
In this section we do the analysis for points along the line defined by the parameter values M/Λ = 3, n = 2 and tan β = 15. We vary Λ from 35 TeV to 85 TeV. The masses for the sparticles that are of interest here are given in Fig. 1 . Note that the sneutrino mass is always above that of the lightest chargino and the lightest two neutralinos. Thus the sneutrinos do not figure into the decay chains of the major SUSY production mechanisms here. Note that the lightest neutralino is below the selectron/smuon mass at the lower end of the Λ scale (Λ ∼ < 45 TeV). Thus for Λ ∼ < 45 TeV the mass spectrum is of type 1. For Λ ∼ > 45 TeV, the mass spectrum is of type 4. In this region of Λ, there are more decay modes for the various particles due to the increasing masses of all the sparticles as well as the shift in the position of the lightest neutralino in the mass hierarchy. The cross sections for these parameters are given in Fig. 2 . From the figure, the cross sections for χ As Λ increases, the masses of the gauginos increase significantly and hence the cross section falls off. For Λ ∼ > 70 TeV, the production rates forτ
are dominant, but the cross sections tend to be rather low.
The signature depends on the allowed decay modes of the sparticles and their branching ratios. The branching ratios for the sparticles of interest are given in Table I . Sinceτ 1 is the NLSP, it decays viaτ 1 → τG. The decays of the selectron and smuon depend strongly on the value of Λ. For Λ below ∼ 45 TeV, the lightest neutralino has a mass below that ofμ 1 andẽ 1 . As a consequence of this, the main decay mode of lightest smuon isμ 1 → χ 0 1 µ and the main decay mode of the lightest selectron isẽ 1 → χ 0 1 e. For higher values of Λ, however, the lightest neutralino mass increases above that ofẽ 1 andμ 1 . Then the only available two-body decay mode for the lightest smuon isμ 1 → µG with the corresponding decay mode for the lightest selectron. Given the smallness of the coupling involved, though, the possibility exists that some three-body decays could be important. Indeed, the neutralino mediated decaysμ
+τ − are the important decay modes [11] for these higher values of Λ.
Since the lightest neutralino tends to be one of the least massive sparticles, its only decay modes are χ Since the lightest chargino is mostly wino, it couples mainly to "left-handed" sfermions. Thus the decay mode χ ± 1 →τ 1 ν τ is typically important due to the significant mixing of the left-handed and right-handed staus and the lower mass of theτ 1 . This decay mode is, in fact, essentially the only decay mode for low values of Λ with the parameters considered here. Thus with the subsequent decayτ 1 → τG, there are typically two τ leptons produced in χ + 1 χ − 1 production at these values of Λ. As Λ increases, however, the decay mode χ ± 1 → χ 0 1 W becomes available and becomes the dominant decay mode as Λ increases above 60 TeV. With the two τ leptons that can be expected from the lightest neutralino decay and the W → τ ν τ decay, we can expect up to six τ leptons from χ Given the cuts that we place on the τ -jets, the question arises as to how high we can expect the E T of the τ -jets to be. Fig. 3 gives the E T distribution of the highest E T τ -jet for Λ = 35 TeV. The pseudorapidity cut of |η| < 1 on τ -jets has been imposed in Fig. 3(b) . The peak in the distribution occurs at about 25 GeV with a broad tail that reaches out beyond 120 GeV. Thus the leading τ -jets are relatively hard and many will pass the transverse energy cut of E T > 20 GeV. The next to highest E T τ -jet is significantly different as Fig. 4 shows. Here the distribution peaks at a lower value of about 15 GeV and hardly extends at all beyond 80 GeV. Due to the softness of the secondary τ -jets, many of the τ -jets will tend to be eliminated by the cuts.
Also of interest is the E T / distribution. With energetic and stable gravitinos and neutrinos produced in the decays, it is expected that large missing transverse energy could be an important part of the signal. Since the missing transverse energy is calculated from what is observed, however, the question arises as to whether significant cancellation occurs due to the many decay products. Fig. 5 gives the E T / distribution for the case where Λ = 35 TeV. The figure demonstrates that the E T / distribution is indeed broad with a tail reaching out beyond 120 GeV. The peak before cuts occurs at about 35 GeV and the peak still occurs at about 35 GeV when E T /p T and pseudorapidity cuts are applied to the various particles. Thus a 30 GeV cut should not be too restrictive. As Λ is increased, the E T / distribution gets harder since the gaugino masses get larger as Λ is increased.
We now consider the specifics of the various final state possibilities. Table II give the inclusive branching ratios for different number of τ -jets for Λ = 35 TeV. As indicated above, this example always produces two τ leptons in chargino pair production. Before cuts the inclusive branching ratio for the 2 τ -jet mode in chargino pair production is 42%, while the 1 τ -jet mode in chargino pair production is 45.6%. After the cuts specified above, the branching ratios are cut down rather substantially. The one τ -jet BR becomes 25.8% and the two τ -jet BR is 10.8%. The situation changes as Λ increases. This is demonstrated in Tables III and IV which are for Λ = 50 and 70 TeV, respectively. We see that there is now the possibility for many more τ -jets. This is due to the appearance of the decay mode χ
With the decay χ 0 1 →τ 1 τ followed byτ 1 → τG along with the decay W → τ ν τ , there is now the possibility for producing up to six τ -jets. At Λ = 50 TeV, the BR for three τ -jets is 16.3%. This is cut down substantially after cuts, however, and the BR becomes only 1%. Λ = 70 TeV shows similar results, although at this point this point the cross section for χ production at these values of Λ. We see from Table II that for Λ = 35 TeV, the branching ratios for inclusive production of 3 τ -jets is 27.2% before cuts, while for 1 and 2 τ -jets the branching ratios are 24% and 44.3%, repsectively. These branching ratios are cut back considerably once the cuts are included. The 3 τ -jet BR in particular is reduced to only 2.6%. As Λ increases, the potential exists to create more than three τ -jets due to the new decay modes for χ ± 1 and χ 0 2 . The branching ratios for more than three τ -jets tend to be small after cuts, however, as Tables III and IV demonstrate. Slepton production tends to be rather simple since there are relatively few decay modes available to the sleptons. This is especially true for the production of the lighter stau as its only significant decay mode isτ 1 → τG. Thus forτ + 1τ − 1 production up to two τ -jets are possible. Before cuts, the 2 τ -jet BR is 42% and the 1 τ -jet BR is 45.6% forτ + 1τ − 1 production independent of the values of Λ considered. After cuts, these drop down to 10 -17% and 30 -40%, respectively, as shown in Tables II, III production are greatly diminished after cuts.
The question now arises as to the observability of these modes at the Tevatron's Run II. The cross sections for inclusive τ -jet production before cuts are given in Fig. 6 . All the SUSY production modes considered in this analysis are included. Events with more than four τ -jets are not included in the figure due to their extremely low branching ratios. By far the dominant decay mode is the 2 τ -jets mode. The 3 τ -jets and 1 τ -jet modes are also quite large.
Of course, the real issue is what the production cross sections are after the cuts have been imposed. These are given in Fig. 7 . The graph shows that after cuts, the 1 τ -jet mode is dominant. The 2 τ -jets mode is of the same order of magnitude and the 3 τ -jet mode is not unappreciable. For Λ = 35 TeV, the three τ -jets rate is 4.7 fb. For an integrated luminosity of 2 fb −1 (approximately what is expected initially during Run II), this corresponds to ∼ 9 observable events. For 30 fb −1 , the number of observable events is 141. The 2 τ -jets cross sections of 48.1 fb gives ∼ 96 events for 2 fb −1 of data and ∼ 1440 for 30 fb −1 of data. As Λ increases, the numbers are smaller due to the smaller SUSY production rate. For Λ = 50 TeV, the expected number of events for three τ -jets is about 2 for 2 fb −1 of data and 30 for 30 fb −1 of data. The expected number of 2 τ -jets events is 16 and 248 for 2 fb −1 and 30 fb −1 of data, respectively. For Λ = 70 TeV, the expected number of events for two τ -jets is 2 and 28 for 2 fb −1 and 30 fb −1 , respectively. The branching ratios for some of the more interesting individual modes in combined SUSY production are given in Table V . The electrons and muons are typically the soft to pass the cuts. Thus requiring an e or µ to enhance the signal over background probably will be of little help.
V. STAU NLSP LINE WITH N = 3
We now consider a case where the ordering of the sparticles masses is quite different from the previous case. The parameters taken here are n = 3, tan β = 15 and M/Λ = 20. We vary Λ from 25 to 55 TeV. The masses for these parameters are given in Fig. 8 . We see that the ordering of the masses is of type 2:
This case is more complicated than the previous one due to the shifting of the sneutrino masses below that of χ ± 1 and χ 0 2 . As a consequence, there are many decay modes for χ ± 1 and χ 0 2 over the parameter space considered here. Moreover, the lightest selectron and smuon masses are always below that of the lightest neutralino. The result of all this is that the decay chains will generally be quite involved with many steps for the values of Λ considered here.
The branching ratios for the sparticles are given in Table VI . Since the masses of the lightest selectron and the lightest smuon are always below that of the lightest neutralino, there are three decay modes available for the values of Λ considered: χ There are many potential decay modes for the chargino with these values of the parameters. Since the sneutrinos are now less massive than the chargino, these provide three decay modes that were not present in the previous case: χ
For the entire range of parameters considered, these decays to the sneutrinos are always present as well as the decay χ ± 1 →τ 1 ν τ which is the dominant decay mode for Λ less than about 50 TeV. As Λ increases, the mass difference between the lightest chargino and the lightest neutralino increases and the decay χ The E T distribution of the leading τ -jet for Λ = 25 TeV is given in Fig. 10 and the E T distribution of the secondary τ -jet is given in Fig. 11 . The distribution for the leading τ -jet is quite similar to the previous case, but the secondary τ -jet spectrum is softer due to the decrease in the direct production of τ leptons from chargino and neutralino decays and more of the τ leptons coming from further down the decay chain. The E T / distribution is given in Fig. 12 .
We now consider the details of the various final state possiblities. Table VII gives the inclusive branching ratios for different numbers of τ -jets for Λ = 25 TeV. In principle, up to six τ leptons can be produced in χ
production, but the five and six τ lepton branching ratios are small. The most important mode before cuts is the two τ -jet mode at 40.4%, but the one and three τ -jets modes are also appreciable. After implementing the cuts, the branching ratios are greatly decreased: the two τ -jets branching ratio becomes only 11.4% and the one τ -jet branching ratio becomes 23.4%. The three τ -jet branching ratio becomes essentially negligible. The situation changes as Λ increases. Table VIII gives the inclusive τ -jet branching ratios for Λ = 40 TeV. The branching ratio for greater numbers of τ -jets are now larger. This is due to the decrease in the branching ratio for χ ± 1 →τ 1 ν τ from which one can get only one τ -jet from the chargino and the increase in χ ± 1 → χ 0 1 W which can give three τ -jets and χ ± 1 →ν τ τ which can also give three τ -jets. The two τ -jets mode in χ + 1 χ − 1 production is still dominant at 34.8%, but now the three τ -jets mode is appreciable at 28.6%. After cuts, the three τ -jets rate drops to 5% and the one τ -jet mode becomes dominant at 30.1%.
Turning now to χ 0 2 χ ± 1 production, we see that at low Λ, there is the potential to produce up to five τ -jets (three from χ ± 1 →ν τ τ with the subsequent decaysν τ → χ 0 1 ν τ and χ 0 1 →τ 1 τ and two τ -jets from χ 0 2 →ν τ ν τ ), but the branching ratios for more than three τ -jets are rather small. As usual the dominant decay mode is to two τ -jets with a before cuts branching ratio of 40.8%, but the three τ -jets branching ratio is large at 29.1% as shown in Table VII . After cuts these fall to 16.8% and 3.3%, respectively. The one τ -jet mode becomes dominant with a branching ratio of 24.5%. Table VIII gives the results for Λ = 40 TeV. The four τ -jets mode has a substantial decay rate before cuts, but this mode becomes negligible after cuts due to the softness of the fourth τ -jet due to its production further down the decay chain. On the other hand, the three τ -jets branching ratio is now higher at 6.7%.
Slepton production for this case is largely the same as in the previous case. Withτ 1 → τG being essentially the only decay mode for the lighter stau, the τ -jet branching ratios before cuts are completely dictated by the hadronic branching ratio for the τ lepton. Forμ
− 1 production, up to four τ -jets can be produced, but after cuts the rates for three and four τ -jets are greatly reduced.
Putting all the pieces together, we can now answer the question as to the probability of observing these events at Tevatron's Run II and Run III. Fig. 13 shows the branching ratios for the inclusive τ -jet modes before cuts for all the considered SUSY production modes combined. The two τ -jets mode is the mode with the largest σ · BR, but the production rates for one and three τ -jets are close to this. After including cuts, the one τ -jet mode is dominant and the two τ -jets mode is respectably high as seen in Fig. 14. For Λ = 25 TeV, the three τ -jet rate is 5.4 fb giving ∼ 11 for 2 fb −1 of data and ∼ 162 events for 30 fb −1 of data. The two τ -jet rate of 39.3 fb gives ∼ 79 and ∼ 1179 events, respectively. For the higher Λ value of 50 TeV, the rates are cut down significantly. The two τ -jets rate of 1.0 fb gives ∼ 2 and ∼ 30 events for 2 fb −1 and 30 fb −1 of data, respectively.
VI. CO-NLSP CASE
The co-NLSP case [9] refers to when the mass difference betweenẽ 1 (andμ 1 ) andτ 1 is less than the mass of the τ lepton. When this is the case, the three-body decay modẽ e 1 → eττ 1 is not kinematically allowed and the main decay mode for the selectron is the two-body modeẽ 1 → eG. The parameters for the example of this case that is considered here are n = 3, tan β = 3 and M/Λ = 3. Λ is varied from 25 to 65 TeV. The masses of the sparticles of interest are given in Fig. 15 . We see that the oredering of the masses here is a special case of type 2:
With this ordering of the masses there are typically many decays mode of the sparticles to consider. The cross sections for the SUSY production modes are given in Fig. 16 . Due to the rapid increase in the sparticle masses (especially the gaugino masses) as Λ is increased, the cross sections tend to decrease fairly rapidly.
The branching ratios for the sparticles of interest are given in Table XI . Since the lighter selectron and the lighter smuon have about the same mass as the stau, the branching ratios for χ The chargino's decays strongly depend on the value of Λ. For values of Λ that are 30 TeV and below, the dominant decay mode of the chargino is χ ± 1 →τ 1 ν τ . As Λ is increased above this, the chief decay modes are the decays to the sneutrinos and the decay χ ± 1 → χ 0 1 W which tends to dominate when kinematically allowed. As Λ increases above 30 TeV, the masses of the heavier sleptons (τ 2 ,μ 2 andẽ 2 ) fall below the mass of the chargino and so the decays to these heavier sleptons are allowed as well.
For the second lightest neutralino, there are again up to 11 main decay modes. At low values of Λ, the decays to the lighter sleptons are dominant with χ 0 2 →τ 1 τ having a slight edge over the other two slepton decays. As Λ increases the decays to the sneutrinos gradually become more important. In addition the decay χ 0 2 → χ 0 1 h and the decays to the heavier sleptons become kinematically allowed and dominate over the other decays.
In chargino pair production at low values of Λ, two τ leptons are always produced because essentially the only decay mode for the chargino is χ ± 1 →τ 1 ν τ while the stau decays viaτ 1 → τG. On the other hand, the classic three τ signature for χ 0 2 χ ± 1 production will be diminished since χ 0 2 →τ 1 τ , χ 0 2 →μ 1 µ and χ 0 2 →ẽ 1 e are all roughly equal. Since the subsequent decays of the selectron and smuon to the gravitino produces no τ leptons (unlike the three-body decay modesẽ 1 → eττ 1 andμ 1 → µττ 1 that were dominant in the other two cases), there will tend to be a depletion in τ -jets here relative to the previous type 2 case which didn't satisfy the co-NLSP condition. For larger values of Λ, the situation is more complicated, but the decay will frequently involve the lightest neutralino. The lightest neutralino in turn tends to decay toτ 1 ,μ 1 andẽ 1 roughly equally. Thus there is again a relative depletion in events with τ -jets.
The E T distribution for the leading τ -jet when Λ = 25 TeV is given in Fig. 17 . The E T distribution of the secondary τ -jet is given in Fig. 18 . Qualitatively, these are much the same as in the previous cases. At Λ = 25 TeV, the decay chains are relatively short and the τ -jets tend to be quite hard. The E T / distribution is given in Fig. 19 . We now consider the details of the various final state possibilities. Table IX gives the inclusive branching ratios for different numbers of τ -jets for Λ = 25 TeV. With χ ± 1 → τ 1 ν τ being the only decay mode here, χ + 1 χ − 1 production produces two τ leptons. Thus the probability for τ -jets before cuts is dictated by the hadronic branching ratio of the τ lepton. Including cuts diminishes the number of events with a given number of τ -jets. For example, the branching ratio for 2 τ -jets falls from 42% to 10.5%. When Λ is increased, the situation changes dramatically. Table X gives the inclusive branching ratios for Λ = 40 TeV. The possibility exists to create many τ -jets, but the probability for creating more than three is low. In addition, the probability for producing no τ -jets is high at ∼ 35%. After cuts, the only appreciable modes are the two τ -jets mode at 10% and the one τ -jet mode at 18%.
Turning now to χ 0 2 χ ± 1 production, we see that at low Λ, there is the potential to produce up to three τ -jets. The rates are diminished by the strong presence of χ 0 2 →ẽ 1 e and χ 0 2 →μ 1 µ, however, and the rate for no τ -jets is high at ∼ 25%. After cuts, the two τ -jets branching ratio is only about 7% and the one τ -jet rate is about 25%. For Λ = 40 TeV, the potential exists to create many more τ -jets, but the one and two τ -jets modes remain dominant with after cuts branching ratios of 19% and 11%, respectively. Forτ
, the situation is pretty much the same as it is in the previous cases considered. Withτ 1 → τG being the only decay mode of the lighter stau, the probability for a given number of τ -jets is completely dictated by the hadronic branching ratio of the τ lepton. The branching ratios after cuts are largely dictated by the mass of the stau.
We now consider the possibility of observing these events at the Tevatron's Run II and TeV33. Fig. 20 shows the combined production rates for the inclusive τ -jet modes before cuts for all the SUSY production modes considered. We do not include the cross sections for more than three τ -jets as these are prohibitively small. In sharp contrast to the previous cases, the most typical situation is that no τ -jets are produced. For low values of Λ (Λ < 40 TeV), however, the production rates for one and two τ -jets are comparable. The results after cuts are shown in Fig. 21 . The one τ -jet mode is dominant and the two τ -jet mode is respectably high. For Λ = 25 TeV, the two τ -jets rate is about 28 fb which gives about 56 events for 2 fb −1 of data and 840 events for 30 fb −1 of data. For Λ = 40 TeV, we have a lower production rate of 1.8 fb. For 2 fb −1 of data this corresponds to ∼ 4 events, while 30 fb −1 of data gives about 54 events.
The branching ratios for some of the more important individual modes are given in 
VII. CONCLUSION
We have considered the phenomenology of GMSB models where the lighter stau is the NLSP and decays promptly. We have looked at a wide range of the GMSB parameter space. Typically, in those regions of the parameter space where SUSY production can occur at an observable rate, the dominant SUSY production modes are χ and χ 0 2 are too massive to be readily produced. The decays of the SUSY particles lead to events containing two or three τ leptons plus large missing transverse energy. Searching for the τ lepton signals by the hadronic decays of the τ leptons to thin jets is complicated by the fact that, while primary τ -jets can have high E T , the secondary τ -jets tend to be rather soft. As a result, many of the τ -jets tend to be eliminated by the cuts. We've shown that the most promising channel is the two τ -jets mode, while the three τ -jets mode can be important at the higher integrated luminosity at Run III. This τ -jet is degraded in the co-NLSP case where the lighter charged sleptons are nearly degenerate in mass. The missing transverse energy associated with the events is large providing a good trigger for these events. Good τ identification will be extremely important to detect the signal. 18 . The E T distributions of the secondary τ jet for the parameters n = 3, tan β = 3, M /Λ = 3 and Λ = 25 TeV. In (a), no cuts have been imposed. In (b), the |η| < 1 cut on τ -jets has been imposed. 
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